Abstract. The equivalent linearization program LSSRLI-1, proposed by Xiaojun Li in 1989, is the important content in seismic zoning work and seismic safety evaluation of engineering sites. It is necessary to check the applicability of LSSRLI-1 to all kinds of sites. The mainly elaboration of this paper is verifying the applicability of seismic safety evaluation program LSSRLI-1 in stiff and half-stiff sites by exact solution. The results show that, it is well for both of them in most of the case, which is useful for the engineering practice.
Introduction
Past earthquake disaster experience has shown that site condition has a great influence on the characters of earthquake ground motion, it is widely recognized by experts and scholars at home and abroad. The principal problem of the seismic resistance design of architectural engineering is to resolve the problem of inputting earthquake wave [1] . Ground motions broadcast from bedrock to ground surface through each soil layer, so the peak value and the characteristic spectral are affected substantially. Soil layers seismic response analysis is a method that calculating the characteristics of ground motion of the ground surface when we input an earth wave at the bedrock. This method is one of the core technologies for seismic safety evaluation, which provide rational and scientific seismic parameters for engineering design and is very important in theory and practice [2, 3] .
Seismic safety evaluation was commonly carried out using an equivalent linear method LSSRLI-1, proposed by Xiaojun Li in 1989, which greatly promoted the development of earthquake resistant engineering of China, for it solved the input problem of earthquake response analysis of building structures. The equivalent linearization program, LSSRLI-1, is the important content in seismic zoning work and seismic safety evaluation of engineering sites. It is realized by iterative operation after assuming an initial value. The current situation of seismic response analysis for deposits is described first. Then, a series of deficiencies for the analysis program LSSRLI-1 found in the practice are represented. The exact solution based on the wave theory is used to verify the LSSRLI-1 results without iteration.
It is necessary to summarize the shortcomings of LSSRLI-1 to make a further improvement and provide reference for new methods. In order to take comparison with the two methods, two different fields have been chosen, SiteⅠcorresponding to stiff sites and SiteⅡcorresponding to half-stiff sites are used to take the calculations. The LSSRLI-1 results are compared with the ones of exact solution in those cases.
Models and Solutions
For both stiff sites and half-stiff sites the simplified single-layer and double-layer models showed in Fig.1are chosen to take the calculations. In the two models, the local coordinate of each layer is downward direction, with the origin at the layer top. Each layer is homogeneous and isotropic, and the thickness, h, mass density, ρ, shear wave velocity, , and damping ratio, ξ are characterized. Three acceleration time histories (Fig.2) are used as the input motions [4, 5] . The first one is El Centro wave, which with 0.02s sample interval is usually used to make seismic response analysis for deposits, the second one is AKTH19 recorded in Japan earthquake occurred on 3.11 with 0.01s sample interval, its low-frequency components is more abundant, the third one is KSRH09 with 0.05s sample interval and its rich frequency is broader. The amplitude regulated to 0.1g, 0.2g, and 0.4g respectively in this paper. Two different fields have been chosen, SiteⅠcorresponding to stiff sites and SiteⅡcorresponding to half-stiff sites are used to take the calculations. There are totally 6 models with different thickness and shear wave velocity are choose, in which, three of them are single-layer model and the remaining three are double-layer model. The specific parameters of these models are listed in the table.1. In this paper, the stationary solution of elastic stress wave propagating is used in a homogeneous material, considering the complex modulus for hysteretic damping, the transfer functions of shear strain in soil from the input accelerations can be expressed as follows, as well as the amplification ratio of ground surface outputs to the inputs. 
Where ω is frequency of incident wave; h is the thickness of soil layer; is the shear wave velocity of soil layer; ξ is the damping ratio. They are all specifically demonstrated in the Fig.1 . is the wave number, which can be obtained from the following formula. 
Results and Conclusions
The main purpose of seismic response analysis is to obtain the ground surface motions, while what can be used by the engineers directly are the response spectra. So here shows the ground surface response spectra (Fig.3 and Fig.5 ) and the distribution of shearing strain in different depths (Fig.4 and Fig.6 ), calculated by LSSRLI-1 and the exact solution. In this paper, as space is limited, only two samples are showed for everyone's reference, such as follows: In conclusion, we can find that:
(1)The ground surface response spectra for both stiff and half-stiff sites calculated by LSSRLI-1 and the exact solution are about the same, have an almost identical shape.
(2)On the stiff site, the distribution of shearing strain in different depths calculated by LSSRLI-1 and the exact solution has the mostly same set of characters.
(3)But on the half-stiff site, there has been some divergence between LSSRLI-1 and the exact solution for the distribution of shearing strain in different depths, however the divergence is controlled in an acceptable range.
Given the above, LSSRLI-1 is applicable to calculate the ground surface response spectra and the distribution of shearing strain in different depths, and computational results are reliable.
